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METHOD FOR THE SCALING DOWN OF
DATA

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s related to the following U.S.
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2001, with Ser. No. 09/186,245 filed Nov. 4, 1998, by Joan
L. Mitchell and Martin J. Bright for “Iransform-Domain
Correction of Real Domain Errors™”; U.S. Pat. No. 6,393,155
1ssued May 21, 2002, with Ser. No. 09/186,249 filed Now. 4,
1998 by Martin J. Bright and Joan L. Mitchell for “Error
Reduction in Transformed Dagital Data”; U.S. Pat. No.
6,535,645 1ssued Mar. 18, 2003 and which 1s a divisional
application of U.S. Pat. No. 6,393,133; Ser. No. 09/186,247
filed Nov. 4, 1998 by Martin J. Bright and Joan L. Mitchell
for “Reduced-error Processing of Transformed Digital
Data; U.S. Pat. No. 6,671,414 1ssued Dec. 30, 2003, with
Ser. No. 09/524,266, filed Mar. 13, 2003, by Charles A.
Micchelli, Marco Martens, Timothy J. Trenary and Joan L.
Mitchell for “Shift and/or Merge of Transformed Data Along
One Axis”; U.S. Pat. No. 6,678,423 1ssued Jan. 13, 2004,
with Ser. No. 09/524,389, ﬁled Mar. 13, 2003, by Tlmothy
J. Trenary, Joan L. Mitchell, Charles A. Micchelli, and
Marco Martens for “Shift and/or Merge of Transformed
Data Along Two Axes”; and Ser. No. 09/570,382, filed May
12, 2000, by Timothy J. Trenary, Joan L. Mitchell, Ian R.
Finlay and Nenad Rnjavec for “Method and Apparatus For
The Scaling Up Of Data”, all assigned to a common assignee
with this application and the disclosures of which are
incorporated herein by reference.

This application 1s also related to U.S. Publication No.
2005/0117809, published on Jun. 2, 2005, which 1s a con-

tinuation of U.S. Pat. No. 7,062,098 1ssued on Jun. 13, 2006,
with application Ser. No. 09/570,849 filed on May 12, 2000,
the disclosure of which 1s incorporated herein by reference
in its entirety.

This application 1s a divisional of and claims the benefit
of U.S. Pat. No. 7,062,098 1ssued on Jun. 13, 2006, with
application Ser. No. 09/570,849 filed on May 12, 2000, the

disclosure of which 1s incorporated herein by reference in 1ts
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to a method and apparatus for
ciliciently scaling down data which has been transformed
from the real domain.

2. Description of the Related Art

Many types of data, such as radar data, oil well log data
and digital 1mage data, can consume a large amount of
computer storage space. For example, computerized digital
image files can require 1n excess of 1 MB. Theretore, several
formats have been developed which manipulate the data 1n
order to compress 1t. The discrete cosine transtform (DCT) 1s
a known techmique for data compression and underlies a
number of compression standards.

The mathematical function tor a DCT 1n one dimension 1s:

7(2n + Dk (1)

2N
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-continued
where s 1s the array of N original values,

5 1s the array of N transformed

values and the coetficients ¢ are given by
k : for k =0; clk - for k >0
Cclk) = N or kK =0; clk) = N or Kk >

Taking for example the mamipulation of 1mage data, blocks
of data consisting of 8 rows by 8 columns of data samples
frequently are operated upon during image resizing pro-
cesses. Therefore a two-dimensional DCT calculation 1is
necessary. The equation for a two-dimensional DCT where

N=8 1s:

(2)

n(2m+ 1)i

n(2n+1)j
16 ’

16

7 7
53, ) = e, j); S: s(m, n)cos

n=0 m=0

cOS

where s 18 an 8 X 8 matrix of 64 values, § 18 an 8 X 8 matrix

of 64 coefficients and the constants ¢(i, j) are given by

|
—,wheni=0and j=0;c(i, ) =

: if =10

1
c(i, j) =
42
1
— when i, j >0

and j> 0 ori>0 a:ndJIF:(C);.E(AE,,j):4

Because data 1s taken from the “real” or spatial image
domain and transformed into the DC'T domain by equations
(1) and (2), these DCT operations are referred to as forward
Discrete Cosine Transtorms (FDCT), or forward transform
operations.

As previously mentioned, the DCT 1s an image compres-
sion technique which underlies a number of compression
standards. These include the well-known Joint Photographic
Experts Group (JPEG) and the Moving Picture Experts
Group (MPEG) standards. Comprehensive references on the
JPEG and MPEG standards include JPEG Still Image Data
Compression Standard by William B. Pennebaker and Joan
L. Mitchell (© 1993 Van Nostrand Reinhold), and MPEG
Video Compression Standard by Joan L. Mitchell, William
B. Pennebaker, et al (© 1997 Chapman & Hall).

Looking at the JPEG method, for example, there are five
basic steps. Again taking the example of the manipulation of
image data, the first step 1s to extract an 8x8 pixel block from
the image. The second step 1s to calculate the FDCT for each
block. Third, a quantizer rounds oil the DCT coeflicients
according to the specified image quality. Fourth, the quan-
tized, two-dimensional 8x8 block of DCT coeflicients are
reordered 1nto a one-dimensional vector according to a zig
zag scan order. Fifth, the coeflicients are compressed using
an entropy encoding scheme such as Huflman coding or
arithmetic coding. The final compressed data i1s then written

to the output file.

Returning to the first step, source image samples are
grouped into 8x8 data matrices, or blocks. The 1nitial image
data 1s frequently converted from normal RGB color space
to a luminance/chrominance color space, suchas YUV, YUV
1s a color space scheme that stores information about an
image’s luminance (brightness) and chrominance (hue).
Because the human eye 1s more sensitive to luminance than
chrominance, more mformation about an 1image’s chromi-
nance can be discarded as compared to luminance data.
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Once an 8x8 data block has been extracted from the
original 1mage and 1s 1n the desired color scheme, the DCT
coellicients are computed. The 8x8 matrix 1s entered into the
DCT algorithm, and transformed mto 64 unique, two-di-
mensional spatial frequencies thereby determining the input
block’s spectrum.

The ultimate goal of this FDCT step 1s to represent the
image data 1n a diflerent domain using the cosine functions.
This can be advantageous because 1t 1s a characteristic of
cosine functions that most of the spatial frequencies will
disappear for images i which the image data changes
slightly as a function of space. The image blocks are
transformed 1nto numerous curves ol diflerent frequencies.
Later, when these curves are put back together through an
inverse step, a close approximation to the original block 1s
restored.

After the FDC'T step, the 8x8 matrix contains transformed
data comprised of 64 DCT coeflicients 1n which the first
coellicient, commonly referred to as the DC coethicient, 1s
related to the average of the original 64 values 1n the block.
The other coeflicients are commonly referred to as AC
coellicients.

Up to this point 1n the JPEG compression process, little
actual image compression has occurred. The 8x8 pixel block
has simply been converted into an 8x8 matrix of DCT
coellicients. The third step involves preparing the matrix for
turther compression by quantizing each element in the
matrix. The JPEG standard gives two exemplary tables of
quantization constants, one for luminance and one {for
chrominance. These constants were derived from experi-
ments on the human visual system. The 64 values used 1n the
quantization matrix are stored in the JPEG compressed data
as part of the header, making dequantization of the coetl-
cients possible. The encoder needs to use the same constants
to quantize the DCT coellicients.

Each DCT coetlicient 1s divided by 1ts corresponding
constant in the quantization table and rounded off to the
nearest mteger. The result of quantizing the DC'T coeflicients
1s that smaller, umimportant coethicients will disappear and
larger coeflicients will lose unnecessary precision. As a
result of this quantization step, some of the original 1image
quality 1s lost. However, the actual image data lost 1s often
not visible to the human eye at normal magnification.

Quantizing produces a list of streamlined DCT coetli-
cients that can now be very efliciently compressed using
either a Huflman or arithmetic encoding scheme. Thus the
final step in the JPEG compression algorithm 1s to encode
the data using an entropy encoding scheme. Before the
matrix 1s encoded, 1t 1s arranged 1n a one-dimensional vector
in a zigzag order. The coellicients representing low frequen-
cies are moved to the beginnming of the vector and the
coellicients representing higher Irequencies are placed
towards the end of the vector. By placing the higher fre-
quencies (which are more likely to be zeros) at the end of the
vector, an end of block code truncates the larger sequence of
zeros which permits better overall compression.

Equations (1) and (2) describe the process for performing
a FDCT, 1.e., taking the data from the real domain 1nto the
DCT domain. When 1t 1s necessary to reverse this step, 1.e.,
transform the data from the DCT domain to the real domain,
a DCT operation known as an Inverse Discrete Cosine
Transtorm (IDC'T), or an inverse transform operation, can be
performed. For a one-dimensional, inverse transform opera-

tion, the IDCT 1s defined as follows:
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=

72n+ Dk (3)

N

c(k)3(k)cos

s(n) =
k

|l
-

where s 1s the array of N original values, 3 1s the array

of N transformed values and the coefficients ¢ are given by

/1 /2
ck) =, — tork=0;clk)=,{ — fork>0
N N

For an inverse transform operation in two dimensions where
N=8, the IDCT 1s defined:

T

(4)

2m+ 1)i 2n+1)j
s(m, n)=ZZC(E, 50, Deos ”f ) ! s H’l ) 2
=0 =0

where s 18 an 8 X 8 matrix of 64 values,
S 1s an 8 X 8 matrix of 64 coetficients and the
constants c(i, j) are given by

(")1h'0d'0(") 1'f'0
c(i, )= =,when i=0and j=0; c(i, j) = 1f { =

8 42

and j>0ori>0 andj:O;c(f,j):ﬁ—lwhenf,j}O

As previously stated, digital images are often transmaitted
and stored 1n compressed data formats, such as the previ-
ously described JPEG standard. In this context, there often
arises the need to scale down (1.e., reduce) the dimensions of
an 1mage that 1s provided 1n a compressed data format 1n
order to achieve a suitable 1image size.

For example, where an 1image 1s to be sent in compressed
data format to receivers of different computational and
output capabilities, it may be necessary to scale down the
s1ze of the 1image to match the capabilities of each recerver.
For example, some printers are designed to receive images
which are of a certain size, but the printers must have the
capability of scaling down the image size for printing
purposes, particularly when the original image was intended
for a higher resolution output.

A known method for scaling down an 1mage provided 1n
a compressed data format 1s illustrated in FIG. 1. First, a
determination 1s made as to the amount of desired 1image
reduction 1/B. (Block 10) If, for example, an 1image reduc-
tion by a factor of 3 1s desired (1.e., dividing by 3 or
multiplying by 14), then 3 adjacent 8x8 blocks of trans-
formed data values (for a total of 64x3 or 192 values) are
retrieved from the image. (Block 11) An IDCT 1s performed
on each of the three blocks to transform the pixel or pel data
into the real or spatial domain. (Block 12) Once in the real
domain, the data 1s reduced from 3 adjacent 8x8 data blocks
into a single 8x8 data block by any one of several, known
filtering techniques. (Block 13) Then a FDCT operation 1s
performed on the data of the single 8x8 data block to return
the data to the DCT domain. (Block 14) The process 1s
repeated for all remaining data 1n the mput image. (Block
15)

Thus given a portion of an image 1 a JPEG/DCT com-
pressed data format consisting of four compressed 8x8
blocks of 1image data, scaling down the 1mage by a factor of
two 1n each dimension using a previously known method
requires: (1) entropy decoding the data which 1s 1 one-
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dimensional vector format and placing the data in 8x8
blocks; (2) de-quantizing the data; (3) performing four 8x8
IDCT operations to inverse transform the transformed
blocks of image data; (4) additional filtering operations to
scale down the blocks of 1mage data into one 8x8 block of
scaled 1mage data; (5) an 8x8 FDCT operation to re-
transform the block of scaled image data; (6) quantizing the
8x8 block of data; and (7) placing the block of data in
one-dimensional vectors and entropy encoding the data for
storage or transmission. Given the mathematical complexity
of the FDCT and IDCT operations, such a large number of
operations 1s computationally time consuming.

What 1s needed 1s an eflicient method and apparatus that
operates directly upon transformed blocks of 1mage data to
convert them into transformed blocks of scaled-down image
data.

SUMMARY OF THE PREFERRED
EMBODIMENTS

To overcome the limitations 1n the prior art described
above, preferred embodiments disclose a method, system,
and data structure for the scaling down of data. At least two
blocks of transformed data samples representing at least two
blocks of original data samples are received. One of at least
two tables of constants 1s selected wherein each table of
constants 1s capable of reducing the number of transformed
data samples by a different factor. The constants taken from
the selected table are applied to the at least two blocks of
transformed data samples to produce one block of trans-
formed data samples representing one block of final data
samples.

In another embodiment, a method for generating a plu-
rality of constants for use in decreasing the number of
original data samples by a factor of B 1s provided. An inverse
transform operation 1s applied on B sets of original trans-
form coetlicients to obtain B sets of variables in the real
domain as a function of the B sets of original transform
coellicients. The B sets of variables 1n the real domain are
scaled down to produce a single set of variables representing
scaled data samples 1n the real domain. A forward transtform
operation 1s applied to the single set of variables to obtain a
single set of new transform coetfhicients as a function of the
B sets of original transform coetlicients. This, 1in turn, vields
the plurality of constants.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1llustrates the logic for a known method of scaling
down the size of an mput image which 1s received 1n
transformed format.

FIG. 2 1s a simplified block diagram of a DCT-based
JPEG encoder.

FIG. 3 1s a simplified block diagram of a DCT-based
JPEG decoder.

FIG. 4 1s a block diagram of a simple printing system that
uses JPEG compressed images.

FIG. 5 1s a simplified block diagram showing the scaling
down of the size of an 1mput 1image.

FIGS. 6a and 65 are simplified block diagrams showing
the scaling down of the size of an input 1image by incorpo-
rating the principles of certain embodiments of the present
invention.

FIGS. 7a and 7b are graphical representations of the
scaling down of a portion of a transformed 1mage 1n accor-
dance with the imnventions disclosed herein.
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FIG. 8 1s a graphical representation of the relationship
between the DCT coeflicients in a portion of an input
transformed 1image and the DCT coetlicients of a portion of
a resulting scaled-down 1mage.

FIG. 9 1llustrates the logic to generate a table of constants
for the scaling down of data by a factor of B.

FIG. 10 illustrates the logic to scale down the dimensions
of the whole of an nput transformed 1mage.

FIG. 11 1s a table of values for the selection of tables of
constants for the scaling up or scaling down of data by
integer and non-integer amounts.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(1]

In the following description, reference 1s made to the
accompanying drawings which form a part hereof and which
illustrate several embodiments of the present invention. It 1s
understood that other embodiments may be used and struc-
tural and operational changes may be made without depart-
ing from the scope of the present invention.

For purposes of illustrating the invention, the well-known
JPEG and MPEG DCT transform operation of images 1s
being used. However, the same techniques can be used to
compress any two-dimensional array of data. DCT trans-
form operations work best when the data contains some
internal correlation that the FDCT can then de-correlate.

Computing Environment

Referring now to the drawings, and more particularly to
FIG. 2, there 1s shown a simplified block diagram of a
DC'T-based encoder. A source image sampled data 16 1n 8x8
blocks are mput to the encoder 17. Each 8x8 data block 1s
transformed by the Forward Discrete Cosine Transform
(FDCT) 121 mto a set of 64 values, referred to as DCT
coellicients or transformed data samples. One of these
values 1s referred to as the DC coellicient, and the other 63
values are referred to as AC coethicients. Each of the 64
transformed data samples are then quantized by quantizer
122 using one of 64 corresponding mnput quantization values
from a quantization table 123. The quantized transformed
data samples are then passed to an entropy encoding pro-
cedure 124 using table specifications 125. This procedure
compresses the data further. One of two entropy encoding
procedures can be used, Hullman encoding or arithmetic
encoding. If Huflman encoding 1s used, the Huflman table
specifications must be provided, but if arithmetic encoding
1s used, then anthmetic coding conditioming table specifi-
cations must be provided. The previous quantized DC coet-
ficient 1s used to predict the current DC coellicient and the
difference 1s encoded. The 63 AC coeflicients, however, are
not differentially encoded but, rather, are converted into a
z1g-zag sequence. The output of the entropy encoder 1s the
compressed 1mage data 18.

FIG. 3 shows a simplified block diagram of the DCT-
based decoder. Each step shown performs essentially the
inverse ol 1ts corresponding main procedure within the
encoder shown 1n FIG. 2. The compressed image data 18 1s
iput to the decoder 22 where 1t 1s first processed by an
entropy decoder procedure 221 which decodes the zig-zag
sequence of the quantized DCT coethlicients. This 1s done
using either Hullman table specifications or arithmetic cod-
ing conditioning table specifications 222, depending on the
coding used 1n the encoder. The quantized DCT coethicients
(or quantized transformed data samples) output from the
entropy decoder are mput to the dequantizer 223 which,
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using quantization table specifications 224 comprising out-
put quantization values, outputs dequantized DCT coetli-
cients to Inverse Discrete Cosine Transform (IDCT) 225.
The output of the IDCT 225 1s the reconstructed image 20.

FIG. 4 shows a block diagram of a simple printing system
that uses JPEG compressed images. For this illustration, the
input 1mage 1s assumed to be a grayscale image comprised
of samples from only one component and the printer, a
grayscale printer. The input image 41 1s scanned in the
scanner 42 and then the source image data, a single com-
ponent of gray, 1s compressed with a JPEG encoder 43, such
as described with reference to FIG. 2. The JPEG encoder 43
1s shown separately from the scanner 42, but 1n a practical
embodiment, the JPEG encoder 43 could be incorporated
with the scanner 42. The output of the JPEG encoder 43 1s
compressed data 44. After optional transmission, the com-
pressed data 1s stored on a disk storage device 45. At some
later time, the compressed data stored on the disk storage
device 45 1s retrieved by the printer server 46 which scales
the 1mage 1n the transformed domain. The scaled 1image 1s
recompressed in the printer server 46 so that the JPEG
decoder 47 decodes the reconstructed scaled-down 1mage.
The JPEG decoder 47 1s as described with reference to FIG.
3. The printer 48 prints the grayscale scaled image and
produces the output image 49 on paper.

Reduction of Image Size

The preferred embodiments of the present invention
include a method, system and data structure for efliciently
scaling down data which 1s received 1n a transformed or a
DC'T-based data format. A one-dimensional DCT-domain
reduction method 1s disclosed that scales down B blocks of
data along one dimension mto 1 block where B i1s the
reduction factor for the entire set of data along one axis.

FIG. 5 shows a known, traditional method for the reduc-
tion of 1images. The compressed 1image 31 1s JPEG decoded

by JPEG decoder 52. The decoder 52 first entropy decodes
53 the data which arrives 1n one-dimensional vector format
and places the data 1n two-dimensional block format. Next
the data 1s taken through a de-quantizing step 54. Finally, an
IDCT operation 35 1s performed to inverse transform the
transformed blocks of image data to the real domain.

When 1n the real domain, the 1image data 1s manipulated
56 by additional filtering operations to scale down the blocks
of 1mage data into fewer blocks of scaled 1image data.

The scaled data 1s sent to the JPEG encoder 57 where the
process 1s reversed. First, FDCT operations 38 are per-
formed to re-transtorm the reduced number of blocks of
scaled image data from the real domain to the DCT domain.
The transformed data 1s then quantized 359, placed 1 a
one-dimensional vector and entropy encoded 60 for storage
or transmission as a JPEG encoded 1image of scaled down
dimensions 61. Thus 1t 1s seen that the known, scale down
method of FIG. 5 mvolves performing scale down opera-
tions on data which 1s 1n the real domain.

FIGS. 6a and 6b show the application of the present
invention resulting 1n a faster scaling down of data. Refer-
ring first to FIG. 6a, the compressed image 71 1s JPEG
entropy decoded 72 and then de-quantized 73. As will be
explained 1 more detail below, the transformed, dequan-
tized data 1s then mampulated to create fewer blocks of
transiformed data while remaining 1n the DCT domain 74 in
contrast to being processed in the real domain as shown 1n
FIG. 5. Then the DCT coeflicients of the scaled-down image
are re-quantized 75 and JPEG entropy encoded 76 to pro-
duce a JPEG encoded image of scaled down dimensions 77.
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This can greatly increase the speed of processing image data
in, for example, high speed printers.

FIG. 65 shows an alternative embodiment of the present
invention which provides a possibly faster method of scaling
down data. The compressed image 78 1s JPEG entropy
decoded 79 to produce quantized DCT, or transformed, data.
As will be explained 1n more detail below, the quantized
DCT coeflicients are then directly mampulated and scaled
down while remaining in the DCT domain 80. Then the
quantized DCT coeflicients of the scaled down 1mage are
entropy encoded 81 to produce a JPEG encoded image of
scaled down dimensions 82. Thus in contrast to the embodi-
ment of FIG. 64, the embodiment of FIG. 65 combines the
de-quantizing and quantizing steps into the manipulation
step 80.

Embodiments of the present invention involve scaling
down transformed data while remaining 1n the DC'T domain
by multiplying the DCT coeflicients directly by one or more
tables of constants. The result of such multiplication 1s a
reduced number of DCT coeflicients, which i1t inverse trans-
formed into the real domain, would correspond to a scaled
down 1mage. As can be appreciated by a comparison of the
known method of FIG. § with the inventive embodiments of
FIGS. 6a and 65, this relatively simple multiplication step
replaces the more computationally 1ntensive steps associated
with the FDCT and IDCT operations.

As explained 1n more detail below, a table of constants for
use 1n scaling down a number of original data samples by a
factor of B 1s developed by applying an inverse transform
operation on B sets of original transform coeflicients to
obtain B sets of variables in the real domain as a function of
the B sets of original transform coeflicients. The B sets of
variables 1n the real domain are scaled down to produce a
single set of variables representing scaled data samples 1n
the real domain. A forward transform operation is applied to
the single set of varniables to obtain a single set of new
transiform coeflicients as a function of the B sets of original
transform coeflicients. This, 1n turn, yields the plurality of
constants which can be stored and recalled whenever desired
to directly operate on the mput transformed data and derive
reduced-sized 1mage transform data.

Reterring to FIG. 7a, a portion of a transformed 1mage 1s
represented by two adjacent 8x8 blocks 201 of DCT coet-
ficients: Gy, . .. G5, and Hy, . . . Hy 5. If for example a
reduction of %2 1n the X axis 1s desired, the preferred
embodiments operate directly upon these DCT coethicients
to produce one 8x8 block 202 of DCT coethcients, F . . .
F 5, which, 1f inverse transtormed, would yield an image of
I/ s1ze of the original along the X axis.

FIG. 7a represents the result 1n one dimension when all
data in two blocks have been processed. In actual practice
however, the inventive methods operate 1n one dimension on
a sub-block 203 consisting of one row of data as shown 1n
FIG. 7b. The output sub-blocks, or rows, 204 are sequen-
tially created until two complete, original 8x8 data blocks
have been scaled down.

FIG. 8 1llustrates the relationship between the DCT coet-
ficients 1n the reduced 1mage and those of the original 1n an
example where an 1image reduction amount of 2 in one
dimension 1s desired according to one embodiment of the
present mvention. A row of coetlicients from two adjacent
8x8 blocks 1s retrieved. These rows are represented by
G,o.-.G,,and H, ... H, .. Using equation (3), an IDCT
operation 1s performed on each of these rows which trans-
forms the data from the DCT domain to the spatial or real
domain, giving pixel values, G, ,...G,,andH,, ... H, ,.
To accomplish an 1image reduction of 4 in one dimension 1n
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the real domain, each pair of adjacent pixel values are
averaged. This 1s a filtering process, and this particular
method 1s referred to as a low pass filter. This averaged value
1s represented 1n FIG. 8 by ¥, where I, ;=2(G,, o+G,, ),
F, =G, ,+G,,5), . . ., F,=%(H, s+H, ;). Finally, these
averaged, spatial domain values, F_, are transformed into
the DCT domain by use of equation (1).

FIGS. 7a, 7b and 8 1llustrate graphically the relationship
between the mput DCT 1mage data, G, H and the reduced
image DCT data, F. Mathematically, this relationship 1is
shown as follows.

Again for example using an 1mage reduction factor of 2 1n
one dimension on a one-dimensional data block of 1x8
coellicients, a representation of a plurality of transform
coellicients of a set of variables 1s made. This 1s 1n the form
of a row of data 1n one dimension for two adjacent data
blocks, G,, . . . G-, H,, . . . H,. The relationship between
cach value 1n the spatial domain and its counterpart in the
DCT domain 1s represented by the IDCT equations as
follows:

7 (3)
- 2x+1
G, = E CIGICDS(( : TG )HH]
=0

] (6)

7
. 2x+ 1
H. = Z CIHICGS(( : v e
1#=0

where (( = —— for u =0 and C=§ for u >0

V8

Using for example a low pass filtering technique, each pair
of these values 1s averaged to achieve the image reduction of
4 1n one dimension which 1s represented as follows:

(7)

1 | 1
Fo = E(Gi} + G )y, I = Q(Gz +G3), ..., F1 = E(HD + Hy)

The FDCT equation 1s applied to each spatial domain value
of the reduced 1mage to transform these back into the DCT
domain:

(8)

(2x+ 1mv
Fxcms( ],, vy =0

16

-:-jt

|

ip
[~

i
=

Now, since F,=12(G+G,), F,=12(G,+Gy), . . . F=Ya(H+
H-), each of these expressions for F,, . . . F, can be
substituted in equation (8) which can then be represented as
follows:

(9)

(2x + 1).’H'V]
_I_

{%(sz + sz)}ms[ -

:rj!

[

i
[

i
-

O
[~

(2x + Dy
16 ]

{%(Hzx—a + Hzx—?)}CDS(

I
T

The expressions for G and H from equations (35) and (6) can
be substituted for each occurrence of G and H 1n equation (9)
as follows:
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F, = (10)
- < 1< e (dx + 1)mu L .y (4x + 3)mu ﬁ
F 5 Zﬂ , HCDS( T ]+Zﬂ , Hcms[ T ]>~
| x=0 “= 4= g
((2x+l)frv]
COS T +
? (4x - 15 ! (4x — 13
) {Zcu o BN S o B2 )]}
——a =0 v=0
((2x+l)frv]
COS T

'

From equation (10) 1t can be apprecmted that the values F
which are reduced image coeflicients 1 the DCT domain
now are a function of G and H which are the original sized
image coetlicients, also 1 the DCT domain. Equation (10)
can be algebraically simplified into the following represen-
tation:

| 7 (11)
F,=~2 C.C,
52
=0
i ((4}: + 1);?m:] N ((4}: + BJHM] ((2.1? + 1)JTV]
2. COS = COS = COS T
- i
. (4x — 15)mu (dx — 13)mu
G, + ;CDS( T ]+ms( Tz ]
2x + vy ~ ﬁ
CDS( ]HH# for v=0, ...,7
16
where C,, C, = — foru,v=0and C,,C, = = foru, v >0
V8 2

From equation (11) it 1s apparent that not only 1s F a function
of G and H, but that this relationship involves only con-
stants. Appendix A contains an exemplary table of constants
which are used to obtain a 2 reduction 1n a one dimensional
row for values F,, . . . F,, using a low pass filtering
technique.
Thus for example, taking the first row ot values trom the
G block matrix and the first row from the H block matrix of
Appendix A,
F,=0. 50000G,, -0. OOOOOG1+O 00000G, -0.00000
G3+O OOOOOG -0.00000G5-0. OOOOOG —0.00000
G,+0. SOOOOH -0. OOOOOH ,+0. OOOOOH —0.00000
H;+0. OOOOOH -0. OOOOOH5 +0. OOOOOH —0.00000
H-=0. 50000G0+O S0000H,

Similarly for example, taking the second row of values from
the G block matrix and the second row of values from the H
block matrix of Appendix A,
F,=0. 45306GD+O 20387G, -0. O3449G2+O 00952
G3+O 00000G ,-0. OO636G5+0 01429G4—-0.04055
G,-0. 45306P D+O 20387H,+0.03449. {2+O 00952

H -0. OOOOOE -0. 00636i -0.01429H,-0. 04055H

Equation (11) yields a table of constants based upon a low
pass filter technique where F.,=4(Gy+G,), F,=12(G,+G5),
etc. However, a similar methodology as that described above
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can be used to obtain alternative equations and correspond-
ing tables of constants which are based upon other types of
filters.

For example instead of a low pass filter which 1s based
upon the averaging of two values, a 1:2:1 filter, collocated
on the left, could be used. Data filtered by this algorithm 1s
represented as F,=(3G,+G,)/4, F,=(G,;+2G,+G,)/4, F,=
(G,+2G,+G)/4, ..., F =(H.+2H +H-)/4. Stmilarly, a 1:2:1
filter, collocated on the right, could be used. This 1s repre-
sented by F =(G,+2G,+G3)/4, F,=(G;+2G,+G)/4, . . .,
F.=H,+2H.+H,)/4, F-=(H.+3H-)/4. Other filters can be
employed without departing from the spirit of the mnvention.

FIG. 9 1llustrates the logic for a generalized approach in
developing a table of constants in accordance with the
previously described embodiment. At block 501 a determi-
nation 1s made as to the amount of 1mage reduction, 1/B,
where B 1s an integer. Thus for example if an 1image size
reduction of 14 1s desired, then B 1s set equal to 3. At block
502, a representation of a set of 1image data 1s created in the
form of B equations for one row of B adjacent blocks of
data. In the mstance where B=3, the 3 exemplary equations
could be G=(Ggy, . . ., Gy), H=(Hy, . . ., Hy), and
I=I,, ..., L).

Next an IDCT 1s performed on the row of B adjacent data
blocks 1n order to obtain real domain expressions. (Block
503). The real domain representations for B blocks are
reduced to 1 block by a filtering technique of choice,
whereupon a FDCT 1s performed on the 1 block of real
domain expressions. (Blocks 504 & 5035). These equations
are next solved so that the new data block’s coellicients are
expressed as a function of the original B blocks’ coetlicients.
(Block 506) It has been shown that this relationship results
in a group ol constants which can then be stored 1n a Table

B for future use in reducing any input image 1n DCT format
by 1/B of the original size 1n one dimension. (Block 507)

The method of FIG. 9 can be repeated as many times as
desired for different reduction amounts, such as 14, 14, V4, Vs,
etc. Diflerent tables of constants can be generated for each
reduction amount and can be stored in computer memory.
Thus a computer system containing a set of such tables will
be able to rapidly perform an 1image reduction of any amount
selected by the user which corresponds to a table of con-
stants. The constants from these tables can be applied
directly by multiplying them by the mput image DCT
coellicients. This results 1n an output 1image of reduced size
in the DCT domain.

An alternative technique for developing a representation
of the DCT coellicients of a reduced image as a function of
an original 1mage’s coetlicients 1s as follows. Again, taking
the example of reducing the original 1image by 2 1n one
dimension, a set of data representing a row from two
adjacent blocks, G and H, in the real domain are taken and
represented to be equal to one larger block F, where

F=(F,, ..., F,:), as follows:

Fo=Go, F1 =Gy,...,Fg=Hy, ..., (12)

7 15
Fis=Hs, or Fu= ) Gu+ ) Hus
1=0 =8

Using a scaled version of the FDCT equation (1), the
transform coeflicients for F (a block of 16 values) can be
represented as:
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(13)

15

. 2x+1

F"‘-’:C”Z 8 CGS((X )HH],L.{:O,...,,F/',,
x=0

32
(or alternativelyu =10, ..., 15) where C, =
. £ 0 and C fi 0
or u>0 and Cu= = for u >
V2 2

Note that the C 1s defined as an 8 sample DCT notwith-
standing that a 16 sample DCT 1s 1n fact being used for
equation 13. Hence these are referred to as “scaled” DCT
transforms. Note also that while equation (13) 1s valid for all
values of u=0, . . ., 15, this 1s not necessary 1n most cases.
Since we normally are only concerned with the lowest eight
frequencies, this equation can be simplified by discarding
the upper eight frequencies and using only u=0, . . ., 7.

Since G, =F, and H =F for x=0, . . ., 7, we can

X X+8

substitute these 1n equation (13) as follows:

. (14)

15

7
2x+1 2x+1
| 6 co B0 3 o )|
x=()

x=8§

0, ..., 7

Using the scaled version of the IDCT equation (3), we have
the relationships:

(15)

L - (2x+ Dy (16)
H, = C.H. c:-.::s( ], X =
16
v=_0
7 where €, = —— tfor v=0 and C, == for v >0
22 2

Substituting these values for G, and H_ into equation (14)
yields the final representation:

7 ] _

- (17)
(Z2x+ 1y (2x + Dmu y| -
Z CDS( ]C'DS( ] G, +

v=0 L x=0 16 32
pe (2x+ Ly (2x+ 1 7)mu |.
Z CDS( ]C'DS( ] H,: for u=70,
por 16 32 _

7 wh C,, C —1 f

.., I where C,, C, = or u,
22
v=0 and C,, C, = 5 for u, v>0

As before, 1t 1s apparent from equation (17) that not only
1s F a function of G and H, but that this relationship involves
only constants. Appendix B contains an exemplary table of
constants which are used to obtain a %% reduction 1n a one
dimensional row for values F,, . . . F. It will be noted that
the constants 1n both Appendices A and B, although differ-
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ent, can be used to achieve a 2 1mage reduction. The choice
1s leit to the user based upon user needs and preferences.

Once again, it can be appreciated that although the above
described embodiment 1s 1llustrative of a reduction of 12 1n
one dimension, similar methodologies can be employed to
develop equations and corresponding tables of constants for
other reduction amounts 1/B, where B=3, 4, 5, etc.

FI1G. 10 illustrates the steps for employing these tables of
constants to reduce the size of an 1nput 1image. The process
commences with the receipt of an 1image file in DCT format.
(Blocks 601 & 602). A determination 1s made of the amount
of 1image scale down in both the X-axis and Y-axis. (Block
603) The reduction amounts do not have to be equal 1n both
axes. Thus for example 11 the user desired a 2 1mage scale
down for the X-axis and a V4 scale down for the Y-axis, then
for purposes of FIG. 10, S=2 and T=4.

Next a scale down procedure along the X-axis 1s com-
menced by retrieving S adjacent blocks of DCT coellicients
along the X-axis. (Block 604) The 1°* row or sub-block of
Sx8 coellicients from the adjacent blocks 1s retrieved (block
606) and used to calculate the 1% row of 1x8 reduced image
DCT coellicients using the constants previously stored in
Table S. Thus 8 coeflicients would be calculated (Block 607)
These coeflicients would represent the 1% row of a single
1x8 data block along the X-axis.

Table S 1s one of two or more tables of constants stored
in computer memory, each of which can be used to scale
down 1image data by a different factor. In this example, Table
S contains the constants which correspond to a scale down
factor of 2. This calculation 1s accomplished by multiplying
the Sx8, or 16, coellicients of the original 1image by the
constants from Table S.

The process of blocks 606 and 607 1s repeated for rows or
sub-blocks 2 through 8 of the retrieved, adjacent S data
blocks to thereby generate one 8x8 block of reduced 1mage
coellicients along the X-axis. Next, a determination i1s made
whether the original 1image contains additional data blocks
along the X-axis to be processed. (Block 609) If so, control
loops to block 604 where the next group of S blocks of DCT
coellicients are retrieved. The previously described process
continues until all X-axis image data has been scaled down.

When there 1s no longer any X-axis image data to scale
down, control transters to block 610 where T adjacent blocks
of DCT coetilicients along the Y-axis are retrieved. In the
case where a Y-axis image scale down factor of 3 1s selected,

then 3 adjacent data blocks would be retrieved. The process
of blocks 610 through 615 of FIG. 10 1s the same as that

described for blocks 604 through 609 except that now the
calculations proceed along columns of data for Y-axis reduc-
tion, rather than along rows of data.

From FIGS. 6a and 10 it can be seen that by maintaining
tables of constants in memory for various scale down
tactors, such as 14, 14, Vi, U5, etc., 1t 1s possible to rapidly
transform a larger image which 1s represented by a file
containing DCT domain data into a reduced sized image by
multiplying the DC'T domain data with these constants. It 1s
not necessary to perform an IDCT to transform the image
into the spatial domain, reduce the image size while in the
spatial domain, and then perform a FDC'T to again transform
the 1mage file—a procedure which 1s computationally much
more 1ntensive.

The foregoing has been described with respect to data
blocks of 8x8 data. However it should be appreciated that
the inventions claimed herein can apply to any data block
which, for these purposes, 1s meant to be any set of data
including, but not limited to, one or two dimensional arrays
of data of any size.
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Referring again to FIG. 6b, it further should be appreci-
ated by those skilled 1n the art that an alternative embodi-
ment of the present mvention involves the mcorporation of
the de-quantization and re-quantization steps into the tables
ol constants, or matrices, in the following way:

Assume that the constants defining a particular block of a

particular one dimensional transform-based scale-down

scheme are known to be D=(d,;) with1,)=0, . . ., 7. Let Q=(q,)
and R=(r,) (with 1=0, . . . , 7) be the desired quantization
vectors for the mput and output, respectively. These quan-
tizations can be incorporated into the transform matrix D to
obtain new constants C=(c,;) where c¢,=d +(q/r,). Thus by
including the de-quantization and re-quantization values 1n
the tables of constants, 1t can be seen that even faster scaling
down operations can be realized.

Thus using this method, a plurality of mput and output
quantization values 1s received. Also a block of quantized
transformed data samples associated with the mput quanti-
zation values 1s received wherein the block of quantized
transformed data samples represents a block of original data
samples. A table of constants capable of decreasing the
number of transformed data samples by a different factor 1s
selected. The plurality of mput and output quantization
values are applied to the selected table of constants to
produce a plurality of new constants. The plurality of new
constants 1s applied to the blocks of quantized transformed
data samples to produce one block of quantized transformed
data samples associated with the output quantization values

wherein the quantized transformed data samples represent
one block of final data samples.

An advantage of the approaches of either FIG. 6a or FIG.
65 1s that it 1s not necessary to handle 64xN samples during
the reduction process. It 1s a characteristic of the JPEG
standard that the orniginal, quantized DCT coeflicients are
usually rather sparse and that most rows 1n the blocks
contain coetlicients which are a value of zero. Thus under
this method, the reduced blocks will keep these rows as
zeros. Other rows frequently have only 1, 2 or 3 coeflicients
that are non-zero. These cases can be handled with much
simplified equations that have discarded the zero terms.

Another advantage of the disclosed embodiments relates
to the conducting of these computations in one dimension.
Blocks of data are scaled down independently along each
axis. Thus one 1s not restricted to 1dentical scaling 1n the X
and Y directions. For example, an image could be reduced
by a factor 3 on the X-axis and by a factor of 2 on the Y-axis.

Because the disclosed method incorporates independent
treatment of each axis in one dimension, it 1s further possible
to scale up the 1mage size on one axis and reduce the size on
the other axis. In an alternative embodiment, the scaling up
of images 1 DCT format can be accomplished through the
use of tables of constants which are derived from equations
based upon scaling up algorithms. These equations and
constants are derived as follows.

Using for example a scale up factor of 2 1n one dimension
on a 1x8 pixel or pel row of values from a data block 1n the
real domain, a representation of a set of 1mage data 1s made.
This 1s 1n the form of a row of data, F,, . . . F, Since 1n this
example the 1image 1s to be enlarged or scaled up by a factor
of two 1n one dimension, the values for F, , . . . F- are
mathematically mterpolated to form an enlarged 1x16 block

of pixel or pel values, F, V2(F,+F,), F,, 2(F+F,),

F,, ..., F,. Next, this 1x16 block of values is re-defined to
be the same as two, adjacent 1x8 blocks, G,, . .., G, and
H,, ..., H-.
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Mathematically, this can be represented as follows:

G=(Fy, Yo(FgtF)), Fy, Y2 +F,), Fy, VL(F+E),
3, Yo (F3+F,))

H=(V2(F3+EFy), Fy, Y2F4+Es), Fs, V2(Fs+Fg), Fe, Y2(

Fe+l'7), F7) (18)

Note that with this method, the two nterpolated pel values
between F, and F, are equal to one another.

Next, G and H are represented 1n the DCT domain by use
of the FDCT equation (1) as follows:

(19)

7
. 2x + Dru
GH:CHZ mes(( 16) ]fDI‘ u=10, ...,
x=0

7
- 2x+1
7 and H, = CH; H, CDE{( - T )HH] for u=20,

7 wh C : f 0

..., 1 where C, = or u=0,

242

1

CH:E for u >0 and where G, =

r Fu:x=0,2, 4,6

{ 1 and Hx =
\ E(F(I—l}jz + F{Iﬂ-l}fZ)a X = 1-,. 35 5-,. 7

|
{ i(Fmﬁ};z + Foryp)x=0,2,4,6 }
Fornpx=1,3,5,7

Since the G,.’s and H ’s in equation (19) can also be
expressed 1n terms of the orniginal 8 samples F,, . . ., F-, we
can use the IDC'T relation of equation (3) to express the DCT
coellicients for G and H as given in equation (19) 1n terms

of the original DCT coethicients F, . . . F, for the sample
block F:

(20)

7
. 2x+ 1
F =Z CHFHCDS(( : 16)HH] for x=0, ...,
=0

7 where C, = —— fﬂru=0,Cﬂ=§ for u >0

2V2

By substituting equation (20) into equation (19) and
regrouping, 1t 1s possible to obtain the following:

7 (21)
E;F — %; C‘H{Kl(v)ms(%) + Kz(v)ccrs(?’fr—;] + Kg(V)CDS(%) +

Tru 157y Omu\y ~
Kﬂv)ms(F) + ms( T ]cas[ﬁ]}lfﬂ and

10

15

20

25

30

35

40

45

50

55

60

16

-continued

H, = (22)

C, L TV Tru Oru 11mu

7; CH{CGS(E)CGS(F)+K5(V)CGS(¥]+K6(V)CGS( Tz ]+
X 137 . 15mu 2
?(v)c:c:s( T ]+ g(V)CDS( T ]} "

h C d C —l f

where C,; an y = or i,

V2

v = () and where C, and C, =3 for u,

v >0 and where K (v)=2D| + Dj,
Ko(v) =Dy +2D5 + D3, Ks(v) =D7 +2Dg + Dy,

Ke(v) =Ds +2D5 + Dy, K7(v) = Dy + 2D, + D3,

XV
Ke(v) = D5 +2D"c and D' = cas(ﬁ)

From equations (21) and (22), 1t can be appreciated that the
values G and H, which are the enlarged image coeflicients in
the DCT domain, now are expressed as a function of F which
are the originally sized 1image coetlicients, also 1n the DCT
domain. As before with the scale-down algorithms, equa-
tions (21) and (22) show that not only are G and H a function
of F, but that this relationship involves only constants.

Equations (21) and (22) yield a table of constants based
upon the piecewise-linear interpolation technique of equa-
tion (18). However, a similar methodology as that described
above can be used to obtain alternative equations and
corresponding tables of constants which are based upon
other types of image enlargement techmiques. For example,
instead ol using a piecewise-linear interpolation method,
replication methods (1.e., repeating each 1image pel N times
per axis) or spline {it methods (1.e., using polynomial curves)
may be employed without departing from the spirit of the
invention.

Moreover, alternative embodiments of scale-up methods
and apparatuses are described 1n greater detail 1n co-pending
application Ser. No. 09/570,382, filed concurrently herewith
which application 1s incorporated herein by reference 1n its
entirety.

A mixing and matching of tables of constants for scaling
up and scaling down can extend to sequential operations on
the same 1mage to achieve scaling by a ratio of integer
amounts. When applied alone, the tables of constants only
scale an 1mage by integer amounts. That 1s, 1f an 1mage
reduction, or scale down, 1s desired, then applying only one
table of constants to an 1mage permits 1image reduction of
1/B, where B 1s an integer. Similarly, applying only one table
ol constants for 1image enlargement, or scaling up, permits
enlargement by a factor of A, where A 1s an integer.

However, by applying a combination of tables, one each
for scaling up and scaling down, to 1image data, then addi-
tional non-integer resizing factors can be achieved. For
example, 11 1t 1s desired to enlarge an 1image by a factor of
2.5, such would not be possible by the use of one scale-up
table alone. No integer value for A will result 1n a scale-up
factor of 2.5. However, a table of constants for scaling up an
image by a factor of 5 can be used followed by another table
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for scaling down the enlarged 1mage by a factor of 2. The
final 1image therefore would be resized by a value of 34 or
2.5.

Thus i1t can be seen that by employing any number of
combinations of tables for the scaling up and scaling down
of an i1mage, a large variety of resizing factors can be
achieved. FI1G. 11 1s a table of values illustrating various
integer and non-integer resizing factors which can be
achieved with a set of 22 tables—11 for scaling up data by
factors of 2 through 12, and 11 tables for scaling down data
by %2 through V12. In FIG. 11, dots (.) are placed 1n those
locations where the values are repeated in the table of FIG.
11 and thus are not necessary.

Still referring to FIG. 1, if for example 1t 1s desired to
create a new 1mage which 1s 0.75 of the size of the original
image, then that value 1s located 1n the table. It can be seen
that 0.75 corresponds to a numerator A of 3 and a denomi-
nator B of 4. By taking image data and applying the table of
constants corresponding to a scale up of 3, followed by the
application of a second table of constants corresponding to
a scale down of %4, then the resulting 1image would be resized
by a factor of %4, or 0.75, of the original.

The values in the table of FIG. 11 can be placed 1 a
computer look-up table format whereby the numerators and
denominators corresponding to multiple, non-integer and
integer resizing factors can be easily retrieved, and the tables
ol constants corresponding to those numerators and denomi-
nators can be sequentially employed for any given input,
transformed 1mage data.

Although the table of FIG. 11 illustrates resizing factors
for A and B equal to 1 through 12, it will be appreciated that

tables similar to FIG. 11, but using a far greater number of

values for A and B, can be employed.
In summary, preferred embodiments disclose a method,

system and data structure for reducing the size of an 1nput
image 1n transformed format. (These could have come from

0.50000
0.45306
—-0.00000
—-0.15909
0.00000
0.10630
—-0.00000
-0.09012

compressed data that has been entropy decoded.) At least
two blocks of transformed data samples representing at least

0.50000
—-0.45306
0.00000
0.15909
0.00000

—-0.10630
0.00000
0.09012

two blocks of original data samples are received. One of at
least two tables of constants 1s selected wherein each table
of constants 1s capable of reducing the number of trans-

formed data samples by a different factor. The constants
taken from the selected table are applied to the at least two

10
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30

—-0.00000
0.20387
0.49039
0.38793

—0.00000

-0.17284
0.00000
0.13622

—-0.00000

0.20387
—-0.49039

0.38793
—-0.00000
-0.17284
—-0.00000

0.13622

65
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blocks of transformed data samples to produce one block of
transformed data samples representing one block of final
data samples.

In another embodiment, a method for generating a plu-
rality of constants for use in decreasing a number of original
data samples by a factor of B 1s provided. An inverse
transform operation 1s applied on B sets of original trans-
form coeflicients to obtain B sets of variables in the real
domain as a function of the B sets of original transform
coellicients. The B sets of variables in the real domain are
scaled down to produce a single set of variables representing
scaled data samples 1n the real domain. A forward transform
operation 1s applied to the single set of variables to obtain a
single set of new transform coeflicients as a function of the
B sets of original transform coeflicients. This, in turn, vields
the plurality of constants.

The foregoing description of the preferred embodiments
of the mvention has been presented for the purposes of
illustration and description. It 1s not intended to be exhaus-
tive or to limit the mvention to the precise form disclosed.
Many modifications and variations are possible in light of
the above teaching. It 1s intended that the scope of the
invention be limited not by this detailled description, but
rather by the claims appended hereto. The above specifica-
tion, examples and data provide a complete description of
the manufacture and use of the composition of the invention.
Since many embodiments of the invention can be made
without departing from the spirit and scope of the invention,
the 1nvention resides 1n the claims heremafter appended.

Appendix A

Constant matrix defining transform trom the G block to the
F block of a 2 to 1 scale-down.

0.00000
0.01429
—-0.00000
—-0.09821
-0.19134
—-0.1469%
0.00000
0.07182

—-0.00000
—-0.04055
—-0.09755
-0.07716

0.00000

0.03438
—-0.00000
—-0.02710

0.00000
—-0.03449
—-0.00000

0.23710

0.46194

0.35485
—-0.00000
—-0.1733%

—-0.00000
0.00952
0.00000

—0.04055

—-0.00000
0.20387
0.41573
0.35991

0.00000
0.00000
—-0.00000
—-0.00000
0.00000
0.00000
—-0.00000
—-0.00000

—-0.00000
—-0.00636

0.00000

0.02710
—0.00000
-0.13622
-0.27779
—-0.2404%

Constant matrix defining transform trom the H block to the
F block of a 2 to 1 scale-down.

0.00000
-0.01429
0.00000
0.09821
-0.19134
0.1469%
—-0.00000

-0.07182

—-0.00000
—0.04055
0.09755
-0.07716
0.00000
0.03438
0.00000

—-0.02710

0.00000
0.03449
0.00000
—-0.23710
0.46194
—0.35485
0.00000

0.1733%

—-0.00000

0.00952
—-0.00000
—0.04055
—-0.00000

0.20387
-0.41573

0.35991

0.00000
—-0.00000
0.00000
—-0.00000
0.00000
—-0.00000
0.00000

—-0.00000

—-0.00000
—-0.00636
—-0.00000

0.02710
—-0.00000

-0.13622
0.27779
—-0.24049

Appendix B

Constant matrix defining transform from the G block to the
F block of a 2 to 1 scale-down.



0.50000
0.45306
—-0.00000
-0.15909
0.00000
0.10630
—-0.00000
-0.09012

0.09012
0.28832
0.49039
0.34010
—-0.03733
-0.18235
0.00000
0.13399

0.00000
0.03733
0.17678
0.38409
0.46194
0.25664
—-0.07322
-0.18767
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0.10630
0.08668
0.00000
0.05735
0.25664
0.42362
0.41573
0.24443

0.00000
0.09012
0.19134
0.10630
0.00000
0.15909
0.46194
0.45306

us 7,373,003 B2

0.15909
0.10913
0.00000
0.17362
0.38409
0.19265
-0.27779
-0.41332

0.00000
0.18767
042678
0.25664
-0.19134
-0.38409
-0.1767%
0.03733

Constant matrix defining transform from the H block to the
F block of a 2 to 1 scale-down.

0.50000
—-0.45306
0.00000
0.15909
0.00000
—-0.10630
0.00000
0.09012

0.09012
0.11943
—-0.49039
0.43577
—-0.03733
-0.16332
—-0.00000
0.13846

0.00000
0.10630
-0.1767%
-0.09012
0.46194
-0.45306
0.07322
0.15909

What 1s claimed 1s:

1. A computer-generated method for generating a plurality
ol constants for use in scaling down a number of original
data samples by a factor of B, the method comprising:

expressing a first set of variables as B sets of variables,

0.10630
—0.06765
—-0.00000
—-0.13846

0.25664
—0.015%7
-0.41573

0.47540

0.00000
0.09012
-0.19134
0.10630
0.00000
0.15909
-0.46194
0.45306

0.15909

-0.121%4

—-0.00000
-0.11943
0.38409
-0.46510
0.27779
—-0.06765

0.00000
0.15909
-0.42678
0.45306
-0.19134
-0.09012
0.17678
—-0.10630

25

30

wherein the first set of vaniables and the B sets of
variables represent data samples; and
applying transform operations on the first set of variables
and the B sets of variables to obtain a transformation

from transtorm coe:
into transtorm coe:

by:

Ticients of the B sets of vanables
Ticients of the first set of variables

35

applying a forward transform operation on the first set

of variables to create a second representation of the
transform coeflicients of the first set of variables as

e first set of variables;
mamipulating the second representation to create a third
representation of transform coef

a tunction of

1cients of the first

0.45306

0.38399
—-0.09755
-0.31765
—-0.18767
-0.01346
—-0.00000
—-0.03832

0.45306
-0.46510
0.09755
0.16332
—-0.18767
0.08221
0.00000
—-0.01587

20

applying mverse transform operations on the B sets of
variables to create a fourth representation, the fourth
representation being the B sets of variables as a
function of the transform coetlicients of the B sets of

variables; and

manmpulating the third representation by substituting
the fourth representation in the third representation
to create a final representation, the final representa-

tion being the transform coe:

Ticients of the first set of

variables as a function of the transtorm coethicients

of the B sets of variables.

2. The method of claim 1, further comprising applying a

40 plurality of quantization values to the plurality of constants

to produce a plurality of new constants, the plurality of new

set of variables as a function of the B sets of
variables;

constants being capable of decreasing the number of original
data samples.
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